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ABSTRACT 

Arrays of binding molecules/instigators useful for the simultaneous detection of a 
plurality of proteins, which are the expression products, or fragments thereof, of a cell, or 
population of cells in an organism are provided. Methods of both making and using the 
arrays are also disclosed. The arrays are particularly useful for various proteomics 
applications including assessing patterns of protein expression and modification in cells 
and can be useful for biowarfare agents detection. 
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BIOCHIP FOR PROTEOMICS APPLICATIONS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to arrays and methods for the parallel 
detection and analysis of up to a large number of proteins in a sample. More specifically, 
the present invention relates to proteomics and the measurement of gene activity at the 
protein level in cells. It also can be related to the detection of viruses, bacteria 
(pathogenic agents) and bio-warfare agents. 

Description of Related Art 

Although attempts to evaluate gene activity and to decipher biological processes 
including those of disease processes and drug effects have traditionally focused on 
genomics, proteomics offers a more direct and promising look at the biological functions 
of a cell. Proteomics involves the qualitative and quantitative measurement of gene 
activity by detecting and quantitating expression at the protein level, rather than at the 
messenger RNA level. Proteomics also involves the study of non-genome encoded 
events including the post-translational modification of proteins, interactions between 
proteins, and the location of proteins within the cell. The structure, function, or levels of 
activity of the proteins expressed by a cell are also of interest. Essentially, proteomics 
involves the study of part or all of the status of the total protein contained within or 
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secreted by a cell. 

The study of gene expression at the protein level is important because many of the 
most important cellular processes are regulated by the protein status of the cell, not by the 
status of gene expression. Also, the protein content of a cell is highly relevant to drug 
discovery efforts since most drugs are designed to be active against protein targets. 

Measuring the mRNA abundances of a cell provides only an indirect and 
incomplete assessment of the protein content of a cell. The level of active protein that is 
produced in a cell is often determined by factors other than the amount of mRNA 
produced. For instance, both protein maturation and protein degradation are actively 
controlled in the cell and a protein's activity status can be regulated by post-translational 
modifications. Furthermore, the extreme liability of RNA in samples due to chemical 
and enzymatic degradation makes the evaluation of genetic expression at the protein level 
more practical than at the mRNA level. 

Current technologies for the analysis of proteomes are based on a variety of 
protein separation techniques followed by identification of the separated proteins. The 
most popular method is based on 2D-gel electrophoresis followed by "in-gel" proteolytic 
digestion and mass spectroscopy. This technique is especially difficult for large proteins, 
proteins that are difficult to digest and to protein mixtures. Although the above described 
methods can provide structural protein information, they cannot provide functional 
information, for example, protein-protein interaction, affinity constants of such 
interaction, that are extremely important to drug discovery- Le., development of drugs 
that promote or block specific protein function-interaction. Alternatively, Edman 
methods may be used for the sequencing. This 2D-gel technique requires large sample 
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sizes, is time consuming, and is currently limited in its ability to reproducibly resolve a 
significant fraction of the proteins expressed by a human cell. Techniques involving 
some large-format 2D-gels can produce gels which separate a larger number of proteins 
than traditional 2D-gel techniques, but reproducibility is still poor and over 95% of the 
spots cannot be sequenced due to limitations with respect to sensitivity of the available 
sequencing techniques. The electrophoretic techniques are also plagued by a bias 
towards proteins of high abundance. 

Standard assays for the presence of an analyte in a solution, such as those 
commonly used for diagnostics, for instance, involve the use of an antibody which has 
been raised against the targeted antigen. Multianalyte assays known in the art involve the 
use of multiple antibodies and are directed towards assaying for multiple analytes. 
However, these multianalyte assays have not been directed towards assaying the total or 
partial protein content of a cell or cell population. Furthermore, sample sizes required to 
adapt such standard antibody assay approaches to the analysis of even a fraction of the 
estimated 100,000 or more different proteins of a human cell and their various modified 
states are prohibitively large. Automation and/or miniaturization of antibody assays are 
required if large numbers of proteins are to be assayed simultaneously. Materials, surface 
coatings, and detection methods used for macroscopic immunoassays and affinity 
purification are not readily transferable to the formation or fabrication of miniaturized 
protein arrays. Miniaturized DNA chip technologies have been developed (for example, 
see U.S. Patents Nos. 5,412,087, 5,445,934, and 5,744,305) and are currently being 
exploited for the screening of gene expression at the mRNA level. These chips can be 
used to determine which genes are expressed by different types of cells and in response to 
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different conditions. However to date, DNA biochip technology has not been 
transferable to protein-binding assays such as antibody assays because the chemistries 
and materials used for DNA biochips have not been readily transferable to use with 
proteins. Nucleic acids such as DNA withstand temperatures up to 100° C, can be dried 
and re-hydrated without loss of activity, and can be bound physically or chemically 
directly to organic adhesion layers supported by materials such as glass while 
maintaining their activity. In contrast, proteins such as antibodies are preferably kept 
hydrated and at ambient temperatures are sensitive to the physical and chemical 
properties of the support materials. Therefore, maintaining protein activity at the liquid- 
solid interface requires entirely different immobilization strategies-than those used for 
nucleic acids. The proper orientation of the antibody or other protein at the interface is 
desirable to ensure accessibility of their active sites with interacting molecules. With 
miniaturization of the chip and decreased feature sizes, the ratio of accessible to non- 
accessible and the ratio of active to inactive antibodies or proteins become increasingly 
relevant and important. 

U.S. Patents Nos. 6,329,209 and 6,365,418 disclose arrays of protein capture 
agents that include protein immobilization regions, each of which contains a hydrophobic 
monolayer, a hydrophilic monolayer and functional groups attached to the 
hydrophobic/hydrophilic monolayers, wherein the hydrophobic and hydrophilic 
monolayers resist non-specific protein binding. 

The techniques described in U.S. Patents Nos. 6,329,209 and 6,365,418 have 
limitations in formation of the protein array. For example, the size of each protein- 
binding region on the array surface depends on droplet size. This reduces the number of 
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array elements that can be contained on the surface. Possible denaturation of protein- 
capture agents during droplet drying limits the number of array elements. Other 
problems related to protein-capture hydrodynamic characteristics (like viscosity) limit 
this technique to the formation of protein arrays. The present invention is advantageous 
as compared to existing protein chips, including those discussed in the patents mentioned 
above, in that activation (immobilization of the proteins) of the inventive micro-array 
surface is simultaneous for all array pixels (patches) in the native (buffer) environment. 
This saves time, saves money on expensive robotic equipment, and allows use of any 
protein for surface activation, not only robust proteins such as antibodies. The system 
flexibility thus increases dramatically. Creation of any custom protein array at the 
surface, on site where the protein expression analysis or bio-warfare agent detection is 
needed is thus possible. There thus remains a need for the ability to assay in parallel a 
multitude of proteins expressed by a cell or a population of cells in an organism, 
including up to the total set of proteins expressed by the cell or cells efficiently and in a 
cost-effective manner. 

Other publication, for example Niemeyer et al. ((1994) Nucleic Acid 
Research 22(25): 5530-5539), do not take into consideration strong nonspecific binding 
of the protein to the biochip surface. Careful choice of the type of molecules, that fill 
gaps between the instigator specific molecules on the template surface, significantly 
decreases nonspecific binding of the proteins. 

SUMMARY OF THE INVENTION 

The present invention is directed to arrays and methods of use thereof that satisfy 
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the need to assay in parallel a multitude of proteins expressed by a cell or population of 
cells in an organism, including up to the total protein content of a cell or for detecting 
pathogen i.e., agents including viruses and bacteria. 

In accordance with the present invention, a template-containing an array of 
specific binding regions made from small robust molecules specific to a determined 
instigator are provided. The present invention permits the carrying out of protein chip 
activation in a flow cell, or in a non flow cell apparatus wherein solutions of specific 
instigators are added in sequence or a mixture of all (or part) of the instigators are added. 
The instigators, each of which is specific to a part of a binding molecule (Y) at a single 
binding region of the array, ultimately forms a well-determined protein chip. In contrast 
to the protein-capture agents in the 6,329,209 and 6,365,418 patents, the binding 
molecules and instigators are not exposed to the air which can cause protein denaturation 
and deactivation. The size and shape of the array elements will be determined by the 
characteristics of the template. 

Specifically for high throughput drug screening, the instigator can be linked to a 
potential drug molecule. Activation of the template surface with a plurality of the 
instigator-drug heterodimers will lead to formation of the biochip for drug screening. 

The present invention allows the highest order of process automation for biochip 
preparation, modification, measurement and analysis. 

The template of the protein array on the substrate surface can be fabricated using 
photolithography, micromolding, wet chemical or dry etching, laser ablation technique, 
inkjet, droplet techniques or any combination of such techniques. 

The substrate can be polymers, glass, silicon or other materials that can be used as 
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a support for a protein array. Preferable material is glass that is transparent in the visible 
spectral region or optical polymers. The surface of the substrate may have a coating, for 
example is gold film. The gold film can be covered with a self assembled monolayer 
(SAM), for example polyethylene oxide (PE) terminated SAM that resists protein 
adsorption and can be used as a mask for patches (pixels) of the array formation (Fig.4). 
On the next step of template formation, a small spot of the gold surface covered with 
SAM equal to the patch (pixel) size of the array is etched using, e.g., the laser ablation 
technique to remove SAM from the gold surface. Finally, to form the first pixel (patch) of 
the template of the protein array, the spot that now contains a clean gold surface is 
exposed to the reagent (binding molecules) that forms a patch on the template surface that 
is able to bind a specific instigator. The reagent (binding molecules) can be the SAM 
terminated with DNA, PNA or others (Figs. 5 and 6). To enhance the binding of the 
instigator to the patch, the surface concentration of the reagent (binding molecules) 
should be carefully chosen. This can be done using molecular engineering techniques. To 
form a whole template, the procedure should be repeated for every template pixel 
beginning with the laser ablation step, but at the end applying different reagent (binding 
molecules) to bind different instigators (Fig.4). 

As discussed above, other techniques based on the inkjet or the droplet technique 
can be used for template formation. For example, very small volumes of the liquid (nano- 
liters or pico-liters) containing reagents (binding molecules) that specifically bind the 
instigator can be applied to the substrate surface containing a bare gold coating using 
spray by the inkjet technique or the droplet technique. Every drop or spray contains 
reagents specific to different instigators. After the binding of a plurality of the binding 
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molecules with the gold surface, the patches of the template of the protein array will be 
ready to bind a plurality of instigators in a specific manner. To prevent nonspecific 
protein adsorption, the surface of the bare gold in between the patches can be filled out 
with PE terminated SAM. 

Other techniques can be based on the combination of the above described 
techniques with modification of the glass surface without gold coating. One example is 
the well-known Affymetrix DNA chip, which itself can be used as a template for protein 
array formation. 

In one embodiment, the present invention provides an array comprising a 
substrate, including a template of chemically robust molecules ("binding molecules") 
immobilized on the substrate, wherein each binding molecule is capable of binding an 
instigator, which in turn binds a particular expression product, or a fragment thereof, of a 
cell or population of cells in an organism. 

In a second embodiment, the invention provides an array of bound proteins which 
comprises the array of binding molecules of the invention having respective instigators 
attached thereto and a plurality of different proteins which are expression products, or 
fragments thereof, of a cell or population of cells in an organism attached to the 
instigators. Each of the different proteins is bound to a different binding molecule on the 
array via its respective instigator. 

Methods of using the arrays of binding molecule and instigators of the invention 
are also provided. In one embodiment of the invention, a method of assaying in parallel 
for a plurality of different proteins in a sample which are expression products, or 
fragments thereof, of a cell or a population of cells in an organism, is provided which 
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comprises first delivering the sample to the array of binding molecule of the invention 
under conditions suitable for protein binding, wherein each of the proteins being assayed 
is coupled to an instigator that, in turn, is a binding partner of at least one binding 
molecule on the array. The final step comprises detecting, either directly or indirectly, 
for the presence or amount of protein bound to each instigator on the array. This method 
optionally further comprises the step of further characterizing the proteins bound to at 
least one instigator on the array. 

In another embodiment of the invention, a method for determining the protein 
expression pattern of a cell or a population of cells in an organism is provided which 
comprises first delivering a sample containing the expression products, or fragments 
thereof, of the cell or population of cells to the array of binding molecules/instigators of 
the invention under conditions suitable for protein binding. The final step comprises 
detecting, either directly or indirectly, for the presence or amount of protein bound to 
each binding molecule/instigator on the array. In an alternative embodiment, a similar 
method for comparing the protein expression patterns of two cells or populations of cells 
is also provided. 

In still another embodiment of the invention, an alternative method of assaying in 
parallel for a plurality of different proteins in a sample that are expression products, or 
fragments thereof, of a cell or a population of cells in an organism is provided. The 
method of this embodiment comprises first contacting the sample with an array of 
spatially distinct and different binding molecules/instigators, wherein each of the proteins 
being assayed is a binding partner of at least one of the instigators. The last step of the 
method involves detecting, either directly or indirectly, for the presence or amount of 
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protein bound to each of the instigators on the array. 

In a still further embodiment, a method of producing an array of binding 
molecules/instigators is provided which comprises the following steps: selecting binding 
molecules/instigators, wherein the binding molecules/instigators are selected by their 
binding affinity to one another, wherein the instigator is further selected by its ability to 
bind proteins from a cellular extract or body fluid; producing a plurality of binding 
molecules; immobilizing the binding molecules on the substrate surface to form a 
plurality of binding molecules on discrete, known regions of the surface of a substrate; 
and adding respective instigators that attach to the binding molecules. 

In still a further embodiment, the technique can be used for detection of viruses, 
bacteria or other pathogens in biological fluids. 

In still a further embodiment, the technique can be used for detection of viruses, 
bacteria or other pathogens in air or water samples in a combat or a non combat 
environment. 

In still a further embodiment, the technique can be used for detection of bacteria 
secreted proteins. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shows an example of the template of the invention, designed on a solid 
substrate with active spots (i.e., pixels or bio-array elements) ready to bind instigators. 

FIG. 2 shows an example of the instigator of the invention. End #1 is ready to 
bind to a complimentary site on the template. 

FIG. 3 shows an example of the bioarray of the invention. Wherein the template 
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is activated for proteomics applications. 

FIG. 4 shows an example of the biochip template formation using laser ablation 
technique. 

FIG.5 shows an example of the binding molecules attached to the 

glass (1) substrate covered with gold film (2) through adhesion chromium layer (3). 

FIG.6. shows an example of the binding molecules attached to the glass (1) 
substrate. 

FIG.7. shows an example of the formation of the instigator 

DETAILED DESCRIPTION OF THE INVENTION 

A variety of arrays and methods useful for multianalyte analyses and analyses of 
protein expression and modification in cells are provided by the present invention. 

Definitions 

The term "protein-binding moiety" means a molecule or a multi-molecular 
complex, which can bind a protein to itself. The protein-binding moiety will most 
typically be a biomolecule such as a protein or a polynucleotide. The biomolecule may 
optionally be a naturally occurring, recombinant, or synthetic biomolecule. Antibodies or 
antibody fragments are highly suitable as protein-binding moieties. Antigens may also 
serve as protein-binding moieties, since they are capable of binding antibodies. 
Receptors which bind protein ligands are another example of a possible protein-binding 
moieties. For instance, protein-binding moiety are understood not to be limited to agents 
which only interact with their binding partners through noncovalent interactions. Protein- 
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binding moieties may also optionally become covalently attached to proteins which they 
bind. For instance, the protein-binding moiety may be photocrosslinked to its binding 
partner following binding. 

The term "binding partner" means a protein which is bound by a particular 
protein-binding moiety, preferably in a substantially specific manner. In some cases, the 
protein-binding moiety may be a cellular or extracellular protein and the binding partner 
may be the entity normally bound in vivo. In other embodiments, however, the binding 
partner may be the protein or peptide on which the protein-binding moiety was selected 
(through in vitro or in vivo selection) or raised (as in the case of antibodies). A binding 
partner may be shared by more than one protein-binding moiety. For instance, a binding 
partner which is bound by a variety of polyclonal antibodies may bear a number of 
different epitopes. One protein-binding moiety may also bind to a multitude of binding 
partners, for instance, if the binding partners share the same epitope. The binding partner 
may be viruses, bacteria or other pathogens or products of the bacteria, e.g., secreted 
proteins. 

A "protein" means a polymer of amino acid residues linked together by peptide 
bonds. The term, as used herein, refers to proteins, polypeptides, and peptides of any 
size, structure, or function. Typically, however, a protein will be at least six amino acids 
long. Preferably, if the protein is a short peptide, it will be at least about 10 amino acid 
residues long. A protein may be naturally occurring, recombinant, or synthetic, or any 
combination of these. A protein may also be just a fragment of a naturally occurring 
protein or peptide. A protein may be a single molecule or may be a multi-molecular 
complex. The term protein may also apply to amino acid polymers in which one or more 
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amino acid residues is an artificial chemical analogue of a corresponding naturally 
occurring amino acid. An amino acid polymer in which one or more amino acid residues 
is an "unnatural" amino acid, not corresponding to any naturally occurring amino acid, is 
also encompassed by the use of the term "protein" herein. 

A "fragment of a protein" means a protein, which is a portion of another protein. 
For instance, fragments of a protein may be polypeptides obtained by digesting full- 
length protein isolated from cultured cells. A fragment of a protein will typically 
comprise at least six amino acids. More typically, the fragment will comprise at least ten 
amino acids. Preferably, the fragment comprises at least about 16 amino acids. 

An "expression product" is a biomolecule, such as a protein, which is produced 
when a gene in an organism is expressed. An expression product may optionally 
comprise post-translational modifications. 

The term "antibody" means an immunoglobulin, whether natural or partially or 
wholly synthetically produced. All derivatives thereof which maintain specific binding 
ability are also included in the term. The term also covers any protein having a binding 
domain which is homologous or largely homologous to an immunoglobulin binding 
domain. These proteins may be derived from natural sources, or partly or wholly 
synthetically produced. An antibody may be monoclonal or polyclonal. The-antibody 
may be a member of any immunoglobulin class, including any of the human classes: IgG, 
IgM, IgA, IgD,andIgE. 

The term "antibody fragment" refers to any derivative of an antibody which is less 
than full-length. Preferably, the antibody fragment retains at least a significant portion of 
the full-length antibody's specific binding ability. The antibody fragment may be 
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produced by any means. For instance, the antibody fragment may be enzymatically or 
chemically produced by fragmentation of an intact antibody or it may be recombinantly 
produced from a gene encoding the partial antibody sequence. Alternatively, the 
antibody fragment may be wholly or partially synthetically produced. The antibody 
fragment may optionally be a single chain antibody fragment. Alternatively, the 
fragment may comprise multiple chains which are linked together, for instance, by 
disulfide linkages. The fragment may also optionally be a multimolecular complex. A 
functional antibody fragment will typically comprise at least about 50 amino acids and 
more typically will comprise at least about 200 amino acids. 

A "population of cells in an organism" means a collection of more than one cell in 
a single organism or more than one cell originally derived from a single organism. The 
cells in the collection are preferably all of the same type. They may all be from the same 
tissue in an organism, for instance. Most preferably, gene expression in all of the cells in 
the population is identical or nearly identical. 

"Conditions suitable for protein binding" means those conditions (in terms of salt 
concentration, pH, detergent, protein concentration, temperature, etc.) which allow for 
binding to occur between an immobilized protein-capture agent and its binding partner in 
solution. Preferably, the conditions are not so lenient that a significant amount of 
nonspecific protein binding occurs. 

A "body fluid" may be any liquid substance extracted, excreted, or secreted from 
an organism or tissue of an organism. The body fluid need not necessarily contain cells. 
Body fluids of relevance to the present invention include, but are not limited to, whole 
blood, serum, urine, plasma, cerebral spinal fluid, tears, sinovial fluid, and amniotic fluid. 
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An "array" is an arrangement of entities in a pattern on a substrate. Although the pattern 
is typically a two-dimensional pattern, the pattern may also be a three-dimensional 
pattern. 

A "binding molecule" is used herein to refer to a molecule that binds to a 
substrate and to an instigator. 

A "binding region" means a discrete area of immobilized binding molecules on 
the surface of a substrate. The binding region may be of any geometric shape or may be 
irregularly shaped. For instance, the binding region may be 5 but need not necessarily be, 
square in shape. 

"Proteomics" means the study of or the characterization of either the proteome or 
some fraction of the proteome. The "proteome" is the total collection of the intracellular 
proteins of a cell or population of cells and the proteins secreted by the cell or population 
of cells. This characterization most typically includes measurements of the presence, and 
usually quantity, of the proteins which have been expressed by a cell. The function, 
structural characteristics (such as post translational modification), and location within the 
cell of the proteins may also be studied. "Functional proteomics" refers to the study of 
the functional characteristics, activity level, and structural characteristics of the protein 
expression products of a cell or population of cells. 

The term "substrate" refers to the bulk underlying, and core material of the arrays 
of the invention. 

The term "fusion protein" refers to a protein composed of two or more 
polypeptides that, although typically unjoined in their native state, are joined by their 
respective amino and carboxyl termini through a peptide linkage to form a single 
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continuous polypeptide. It is understood that the two or more polypeptide components 
can either be directly joined or indirectly joined through a peptide linker/spacer. 

An "instigator" is a molecule or a complex of molecules that specifically binds to 
both the binding molecule and to the protein of interest. 

The term "normal physiological condition" means conditions that are typical 
inside a living organism or a cell. While it is recognized that some organs or organisms 
provide extreme conditions, the intra-organismal and intra-cellular environment normally 
varies around pH 7 (i.e., from pH 6.5 to pH 7.5), contains water as the predominant 
solvent, and exists at a temperature above 0°C and below 50° C. It will be recognized 
that the concentration of various salts depends on the organ, organism, cell, or cellular 
compartment used as a reference. 

Arrays of the Invention 

The present invention is directed to arrays of binding molecules which can bind a 
plurality of instigators, that in turn bind to proteins that are the expression products, or 
fragments thereof, of a cell or population of cells in an organism and therefore can be 
used to evaluate gene expression at the protein level. Typically, the arrays comprise 
micrometer or nanometer-scale, two-dimensional patterns of regions of binding 
molecules with or without instigators immobilized on the surface of the substrate. 

The two main elements of the invention are a template and an instigator 
(heterodimer). The template (Fig.l) contains molecules compliment to #1 end of the 
heterodimer instigator (Fig. 2). 

The template (Fig.l) is formed on a substrate made from e.g., glass, plastic, 
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silicon or other material covered with spots (pixels or bio-array elements) of small 
chemically robust molecules (Fig.l, #1), e.g., single stranded DNA, PNA, polypeptides 
or any other molecules that have a complimentary binding pair (e.g., DNA-DNA pair or 
DNA-PNA pair, polypeptide-antibody, etc.). Between the spots, the surface may be 
covered with molecules that prevent nonspecific protein adsorption. The template can be 
made using standard techniques such as inkjet printing, photolithography, droplet 
techniques or others. For example, any DNA array can be used as a prototype for the 
template. Every single pixel of the array should be made using molecularly engineered 
techniques to enhance specific binding of the instigator. 

The instigator (Fig. 2) (heterodimer) consists of two molecules. As discussed 
above, molecule #1 (Fig. 2) is a compliment to the molecule on the template surface (#1 
on template and #1 instigator), another molecule #2 (Fig. 2) sets up the bio-array 
element for the protein screening or for the screening of small molecules - e.g., 
candidates for drug discovery. 

The instigator can be made using a variety of methods. #2 depends on proteomics 
application and can be, e.g., an antibody, Fab fragments, a protein, or a drug candidate in 
high throughput drug screening. 

The two molecules can be immobilized on beads, phospholipids vesicles or 
liposoms or the two molecules can be linked through avidin or strepavidin interaction 
with biotin attached to the molecules, through direct chemical binding, using PBA 
(phenyl boronic acid) and SHA (salicylhydroxamic acid), the two antibodies can be liked 
through the protein A, etc. 

In one embodiment of the invention, the array and a plurality of regions arranged 



26 



in discrete, known areas on portions of the substrate surface wherein each region 
comprises immobilized binding molecules, each of which is capable of binding a 
particular instigator, which, in turn, is capable of binding a particular expression product, 
or a fragment thereof, of a cell or population of cells in an organism e.g., bacteria, virus 
or secreted proteins of the bacteria. 

The binding molecules of the template are preferably covalently immobilized on 
the regions of the array, either directly or indirectly. The instigators are preferably non- 
covalently immobilized on the specific patches of the array. 

In most cases, the array will comprise at least about ten regions. In a preferred 
embodiment, the array comprises at least about 50 regions. In a particularly preferred 
embodiment the array comprises at least about 100 regions. In alternative preferred 
embodiments, the array of binding molecules may comprise more than 10 3 , 10 4 or 10 5 
regions. Typically, only one type of binding molecule is present on a single patch of the 
array, but for specific applications, for example for bacteria or viruses detection, it can be 
multi-molecular binding. 

The arrays of the invention can have any number of a plurality of different 
binding molecules. Typically the array comprises at least about ten different binding 
molecules. Preferably, the array comprises at least about 50 different binding molecules. 
More preferably, the array comprises at least about 100 different binding molecules. 
Alternative preferred arrays comprise more than about 10 3 different binding molecules or 
more than about 10 4 different binding molecules. The array may even optionally 
comprise more than about 10 5 different binding molecules. 

The number of different binding molecules on the array will vary depending on 
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the application desired. For instance, if the array is to be used as a diagnostic tool in 
evaluating the status of a tumor or other diseased tissue in a patient, an array comprising 
less than about 100 different binding molecules (coupled to instigators) may suffice since 
the necessary binding partners of the binding molecules/instigators on the array are 
limited to only those proteins whose expression is known to be indicative of the disease 
condition. For the detection of the bacteria or viruses the number of the array elements 
can be small also. However, if the array is to be used to measure a significant portion of 
the total protein content of a cell, then the array preferably comprises at least about 
10,000 different binding molecules/instigators. Alternatively, a more limited proteomics 
study, such as a study of the abundances of various human transcription factors, for 
instance, might only require an array of about 100 different binding 
molecules/instigators. 

In one embodiment of the invention, the binding partners of the plurality of 
binding molecules/instigators on the array are proteins, which are all expression products, 
or fragments thereof, of a cell or population of cells of a single organism. The expression 
products may be proteins, including peptides, of any size or function. They may be 
intracellular proteins or extracellular proteins. The expression products may be from a 
one-celled or multicellular organism. The organism may be a plant or an animal. In a 
preferred embodiment of the invention, the binding partners are human expression 
products, or fragments thereof. 

In one embodiment of the invention, the binding partners of the binding 
molecules/instigators of the array may be a randomly chosen subset of all the proteins, 
including peptides, which are expressed by a cell or population of cells in a given 
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organism or a subset of all the fragments of those proteins. Thus, the binding partners of 
the binding molecules/instigators of the array optionally represent a wide distribution of 
different proteins from a single organism. 

In an alternative embodiment of the invention, the proteins, which are the binding 
partners of the binding molecules/instigators of the array, may be fragments of the 
expression products of a cell or population of cells in an organism. 

A first portion of the instigator is capable of binding to the binding molecule. A 
second portion of the instigator can be any molecule or complex of molecules, which has 
the ability to bind a protein and immobilize it to the site of the binding molecule on the 
array. Preferably, the second portion binds its binding partner in a substantially specific 
manner. Hence, the second portion may optionally be a protein whose natural function in 
a cell is to specifically bind another protein, such as an antibody or a receptor. 
Alternatively, the second portion may instead be a partially or wholly synthetic or 
recombinant protein, which specifically binds a protein. 

In a preferred embodiment of the array, however, the second portion is a protein. 
In a particularly preferred embodiment, the second portion is an antibody or an antibody 
fragment. Although antibody moieties are exemplified herein, it is understood that the 
present arrays and methods may be advantageously employed with other agents capable 
of binding to protein. 

Upon using the array of binding molecules/instigators to bind a plurality of 
expression products, or fragments thereof, an array of bound proteins is created. Thus, 
another embodiment of the invention provides an array of bound proteins which 
comprises (a) a binding molecule/instigator array of the invention and (b) a plurality of 
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different proteins which are expression products, or fragments thereof, of a cell or a 
population of cells in an organism, wherein each of the different proteins is bound to a 
binding molecule/instigator on a separate region of the array. Preferably, each of the 
different proteins is non-covalently bound. 

Substrates and Templates 

The substrate of the array may be either organic or inorganic, biological or non- 
biological, or any combination of these materials. In one embodiment, the substrate is 
transparent or translucent. The portion of the surface of the substrate on which the 
regions reside is preferably flat and firm or semi-firm. However, the array of the present 
invention need not necessarily be flat or entirely two-dimensional. 

Numerous materials are suitable for use as a substrate in the array embodiment of 
the invention. For instance, the substrate of the invention array can comprise a material 
selected from a group consisting of silicon, silica, quartz, glass, controlled pore glass, 
carbon, alumina, titania, tantalum oxide, germanium, silicon nitride, zeolites, and gallium 
arsenide. Many metals such as gold, platinum, aluminum, copper, titanium, and their 
alloys are also options for substrates of the array. In addition, many ceramics and 
polymers may also be used as substrates. Polymers which may be used as substrates 
include, but are not limited to, the following: polystyrene; poly(tetra)fluoroethylene 
(PTFE); polyvinylidenedifluoride; polycarbonate; polymethylmethacrylate; 
polyvinylethylene; polyethyleneimine; poly(etherether)ketone; polyoxymethylene 
(POM); polyvinylphenol; polylactides; polymethacrylimide (PMI); polyalkenesulfone 
(PAS); polypropylethylene, polyethylene; polyhydroxyethylmethacrylate (HEMA); 
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polydimethylsiloxane; polyacrylamide; polyimide; and block-copolymers. Preferred 
substrates for the array include silicon, silica, glass, and polymers. The substrate on 
which the binding molecules reside may also be a combination of any of the 
aforementioned substrate materials. 

An array of the present invention may optionally further comprise a coating 
between the substrate and the binding molecules. This coating may either be formed on 
the substrate or applied to the substrate. The substrate can be modified with a coating by 
using thin-film technology based, for instance, on physical vapor deposition (PVD), 
plasma-enhanced chemical vapor deposition (PECVD), or thermal processing. 
Alternatively, plasma exposure can be used to directly activate or alter the substrate and 
create a coating. For instance, plasma etch procedures can be used to oxidize a polymeric 
surface (for example, polystyrene or polyethylene to expose polar functionalities such as 
hydroxyls, carboxylic acids, aldehydes and the like) which then acts as a coating. 

A plurality of regions, each of which is made from a different chemical entity, for 
example, an Aflymetrix DNA chip, wherein every region has a different DNA molecule, 
is the point wherein the binding molecules reside. 

The regions comprise binding molecules which in turn comprise the formula 
(X)a-R-(Y)b, where b is equal to the number of regions on the surface (number of the 
array elements), and Yb specifically non-covalently binds a specific instigator. 

In a preferred embodiment, each of the regions comprises a monolayer of binding 
molecules of the formula (X)a-R-(Y)b and the regions are separated with monolyaer that 
resists to non-specific adsorption of protein instigators. 

(Y)b specifically is a plurality of functional groups that specifically non- 
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covalently binds a specific instigator. 

(Y)b can be any functional group that can specifically non-covalently or 
covalently bind a specific instigator including polynucleotides, polypeptides, PNA, Ab, 
Fab, etc. 

All individual regions are mixed self-assembled monolayers of nonspecific and 
specific Y groups. 

The portion of the binding molecule that binds to the surface will be the same 
(e.g., -S- or -O-Si-O). The other portion of the binding molecule will be a plurality of 
small molecules (polynucleotides, polypeptides) that can bind other molecules 
complimentary (for example, DNA-DNA, polypeptide - antibody, PNA- DNA). 

The component, Y, is a functional group responsible for binding an instigator. In 
a preferred embodiment of the invention, the Y group is either highly reactive (activated) 
towards the instigator or is easily converted into such an activated form. In a preferred 
embodiment, the coupling of Y with the instigator occurs readily under normal 
physiological conditions not detrimental to the ability of the instigator to bind its binding 
partner. The functional group Y may either form a covalent linkage or a noncovalent 
linkage with the instigator. In a preferred embodiment, the functional group Y forms a 
non-covalent high affinity linkage with the instigator. It is understood that following the 
attachment of the instigator to Y, the chemical nature of Y may have changed. 

After completion of formation of the regions (patches, pixels, spots, array 
elements), the instigators may be attached to the regions via interaction with the Y- 
functional group. Y-functional groups, which fail to react with any instigators, if 
necessary can be quenched prior to use of the array. For quenching can be used part #1 of 
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the instigator (Fig.2) terminated with polyethylene oxide or other group that prevents 
nonspecific binding of the proteins. 

The instigators function to enhance immobilization of the protein, and to direct 
the protein to the specific region on the surface during template activation. The binding 
molecules and instigators used on the array may be produced by any of the variety of 
means known to those of ordinary skill in the art. 

Fig. 5 shows one example of the binding molecule. In this example the substrate 
comprises glass covered with gold film, a) The binding molecule with DNA fragment 
that can contain 20 or more bases attached to the gold surface through the short (usually 6 
methylene groups) thiol linker, b) binding molecule based on the PNA can be linked to 
the gold surface through the cystein amino acid or other amino acids that contain sulfur 
bond active to the gold surface. 

Fig. 6 shows another example of the binding molecule. In this example the 
substrate is a glass surface. The binding molecules in this case can be attached to the 
surface through -silane groups, for example dialcosilane. 

These are preferred examples for the binding molecules and the chemistry of the 
attachment of these molecules to the surface. Another example of binding molecules can 
be polypeptides or any other simple robust molecules that exhibit a combination of 
elements to form a plurality of the specific binding sites on the surface. In some cases the 
binding molecules can be proteins or fragments of the proteins, for example Fab 
fragments of antibodies or combinations of proteins with small molecules. 

The instigator is a heterodimer that consists of two functional groups (Fig.7). A 
first group binds the instigator to the surface; a second group activates the protein array. 
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In most cases, the second group is a protein. These two groups can be linked using many 
functional groups. Possibilities for these types of functional groups include, but are not 
limited to, simple moieties such as a hydroxyl, carboxyl, amino, aldehyde, carbonyl, 
methyl, methylene, alkene, alkyne, carbonate, aryliodide, or a vinyl group. Appropriate 
modes of activation would be obvious to one skilled in the art. Alternatively, it can 
comprise a functional group that requires photoactivation prior to becoming activated 
enough to bind the second group (protein) to form the instigator. One of the examples to 
form the instigator is shown in Fig.7. DNA fragment or PNA can be linked to the protein 
through N-hydroxysuccimide or maleimedyl functional group. There are many other 
methods that can be used to make the instigator. In the case when binding molecule (at 
the surface) is polypeptide instigator can be made using antibodies linked through Fc end 
using protein A. For example, the instigator can be formed using phospholipid vesicles, 
polymer beads, biotin-avidin (streptavidin) chemistry, using phenylboronic acid (PBA) 
and salicylhydroxamic asid (SHA) complex formation and many other types of binding. 
Uses of the Arrays 

The present invention also provides methods of using the inventive arrays. In 
general, for a variety of applications including proteomics, diagnostics and pathogen 
detection , the methods of the invention involve the delivery of sample containing 
proteins to be analyzed to the arrays. After the proteins of the sample have been allowed 
to interact with and become immobilized on the regions of the array comprising binding 
molecules/instigators with the appropriate specificity, the presence and/or amount of 
protein bound at each region is then determined. 

Use of one of the binding molecule/instigator arrays of the invention may 
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optionally involve placing the two-dimensional array in a flowchamber. The cover over 
the array in the flowchamber is preferably transparent or translucent and may be part of a 
detection system that monitors interaction between the instigators immobilized on the 
array and protein in a solution such as a cellular extract. 

The sample which is delivered to the array will typically be a fluid. In a preferred 
embodiment of the invention, the sample is a cellular extract or a body fluid. The sample 
to be assayed may optionally comprise a complex mixture of proteins, including a 
multitude of proteins which are not binding partners of the instigators of the array. If the 
proteins to be analyzed in the sample are membrane proteins, then those proteins will 
typically need to be solubilized prior to administration of the sample to the array. If the 
proteins to be assayed in the sample are proteins secreted by a population of cells in an 
organism, a sample which is derived from a body fluid is preferred. If the proteins to be 
assayed in the sample are intracellular, a sample which is a cellular extract is preferred. 
In one embodiment of the invention, the array may comprise instigators which bind 
fragments of the expression products of a cell or population of cells in an organism. In 
such a case, the proteins in the sample to be assayed may have been prepared by 
performing a digest of the protein in a cellular extract or a body fluid. In an alternative 
application of the array, the proteins from only specific fractions of a cell are collected 
for analysis in the sample. 

A wide range of detection methods are applicable to the methods of the invention. 
As desired, detection may be either quantitative or qualitative. The inventive array can 
be interfaced with optical detection methods such as absorption in the visible or infrared 
range, chemiluminescence, and fluorescence (including lifetime, polarization, 
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fluorescence correlation spectroscopy (FCS), and fluorescencce-resonance energy 
transfer (FRET)). Other modes of detection, including surface plasmon resonance, are 
compatible with many embodiments of the invention. 

The arrays of the present invention are particularly useful for proteomics. Those 
arrays which comprise significant numbers of binding molecules/instigators of different 
specificity on separate regions can bind significant numbers of proteins which are 
expression products, or fragments thereof, of a cell or population of cells in an organism 
and are particularly suitable for use in applications involving proteomics. For instance, 
an array with at least about 10 3 and up to about 10 s different binding 
molecules/instigators can provide a highly comprehensive picture of the protein content 
of the cell under a specific set of conditions. 

In one embodiment of the invention, a method of assaying in parallel for a 
plurality of different proteins in a sample which are expression products, or fragments 
thereof, of a cell or a population of cells in an organism, is provided which comprises the 
following steps: first, delivering the sample to an array of spatially distinct regions of 
different binding molecules/instigators under conditions suitable for protein binding, 
wherein each of the proteins being assayed is a binding partner of a second portion of an 
instigator of at least one region on the array; next, optionally washing said array to 
remove unbound or nonspecifically bound components of the sample from the array; and 
in a final step, detecting, either directly or indirectly, for the presence or amount of 
protein bound to each region of the array. 

In another embodiment of the invention, a method of assaying in parallel for a 
plurality of different proteins in a sample which are expression products, or fragments 
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thereof, of a cell or a population of cells in an organism, comprises first delivering the 
sample to the inventive array under conditions suitable for protein binding, wherein each 
of the proteins being assayed is a binding partner of the second portion of at least one 
instigator on the array. The first step may be followed by an optional step of washing the 
array with fluid to remove unbound or nonspecifically bound components of the sample 
from the array. Lastly, the presence or amount of protein bound to each region is 
detected, either directly or indirectly. 

The methods of assaying in parallel for a plurality of different proteins in a 
sample which are expression products, or fragments thereof, of a cell or a population of 
cells in an organism, optionally comprise the additional step of further characterizing the 
protein bound to at least one region of the array. This step is typically designed to 
identify the nature of the protein bound to the protein-capture agent of a particular patch. 
In some cases, the entire identity of the bound protein may not be known and the purpose 
of the further characterization may be the initial identification of the mass, sequence, 
structure and/or activity of the bound protein. In other cases, the basic identity of the 
protein may be known, but the post-translational modification, activation state, or some 
other feature of the protein may not be known. In one embodiment, the step of further 
characterizing the proteins involves measuring the activity of the proteins. 

In another embodiment, the present invention provides a method of determining 
the protein expression pattern of a cell or population of cells in an organism. This 
method involves first delivering a sample containing expression products, or fragments 
thereof, of the cell or population of cells to the array of the invention under conditions 
suitable for protein binding. The presence and/or amount of protein bound to each region 
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can then be determined by a suitable detection means. 

The arrays may also be used to compare the protein expression patterns of two 
cells or populations of cells. In this method, a sample containing expression products, or 
fragments thereof, of a first cell or population of cells is delivered to the inventive array 
of under conditions suitable for protein binding. In an analogous manner, a sample 
containing expression products, or fragments thereof, of a second cell or population of 
cells is delivered to a second array which is identical to the first array. Preferably, both 
arrays are then washed to remove unbound or nonspecifically bound components of the 
sample from the arrays. In a final step, the amounts of protein remaining bound to the 
regions of the first array are compared to the amounts of protein remaining bound to the 
corresponding regions of the second array. If it is desired to determine the differential 
protein expression pattern of two cells or populations of cells, for instance, then the 
amount of protein bound to the regions of the first array may be subtracted from the 
amount of protein bound to the corresponding regions of the second array. 

Methods of comparing the protein expression of two cells or populations of cells 
are particularly useful for the understanding of biological processes. For instance, using 
these methods, the protein expression patterns of identical cells or closely related cells 
exposed to different conditions can be compared. Most typically, the protein content of 
one cell or population of cells is compared to the protein content of a control cell or 
population of cells. For instance, in one embodiment of the invention, one of the cells or 
populations of cells is neoplastic and the other cell is not. In another embodiment, one of 
the two cells or populations of cells being assayed is infected with a pathogen. 
Alternatively, one of the two cells or populations of cells has been exposed to a stressor 
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and the other cell or population of cells serves as a control. The stressor may optionally 
be chemical, environmental, or thermal. One of the two cells may optionally be exposed 
to a drug or a potential drug and its protein expression pattern compared to a control cell. 

Such methods of assaying differential gene expression at the protein level are 
useful in the identification and validation of new potential drug targets as well as for drug 
screening. For instance, the method may be used to identify a protein which is 
overexpressed in tumor cells, but not in normal cells. This protein may be a target for 
drug intervention. Inhibitors to the action of the overexpressed protein can then be 
developed. Alternatively, antisense strategies to inhibit the overexpression may be 
developed. In another instance, the protein expression pattern of a cell, or population of 
cells, which has been exposed to a drug or potential drug can be compared to that of a 
cell, or population of cells, which has not been exposed to the drug. This comparison 
will provide insight as to whether or not the drug has had the desired effect on a target 
protein (drug efficacy) and whether other proteins of the cell, or population of cells, have 
also been affected (drug specificity). 

The arrays of the present invention are also suitable for diagnostic applications 
and suitable for use in diagnostic devices. The high density of the binding 
molecules/instigators on some arrays of the present invention enables a large number of 
different diagnostic tests to be formatted onto a single biochip. The inventive array can 
be used to evaluate the status of a disease condition in a tissue, such as a tumor, where the 
expression levels of certain proteins in the cells of the tissue is known to be indicative of 
a particular type of disease condition or stage of a disease condition. If certain patterns of 
protein expression are not previously known to be indicative of a disease state, the arrays 
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of the invention can then first be used to establish this information. 

Accordingly, in one embodiment, the invention provides a method of evaluating a 
disease condition in a tissue of an organism comprising first contacting the inventive 
array of with a sample comprising the expression products, or fragments thereof of the 
cells of the tissue being evaluated, wherein the contacting occurs under conditions 
suitable for protein binding and wherein the binding partners of a plurality of instigators 
on the array include proteins which are expression products, or fragment thereof, of the 
cells of the tissue and whose expression levels are indicative of the disease condition. 
The method next comprises detecting, either directly or indirectly, for the presence of 
protein to each region. In a preferred embodiment, the method further comprises the step 
of washing the array to remove unbound or nonspecifically bound components of the 
sample from the array. In such a method, the array will typically bind those proteins 
whose presence, absence, or relative amount in cells is known to be indicative of a 
particular type of disease condition or state of a disease condition. 

Example 

This examples is related to the detection of bacteria and viruses for bio- warfare 
applications. In this case, the array can contain a small number (it is known about 100 
bio-warfare pathogens) of active patches. Every patch of the template in this case can be 
made using single stranded DNA molecules that compliment the single stranded DNAs of 
the instigators. These (last) DNA, which are linked to the antibodies specific to viruses or 
bacteria or to the transmembrane proteins or other proteins are able to specifically 
recognize pathogens using in bio-warfare. Made in this way, instigators are applied to the 
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template surface and activate the array before measurement of the sample that can 
contain bio-warfare agents. After measurement the array can be reactivated. For example, 
heating of the sample will destroy DNA-DNA interaction and washing will remove all 
instigators and pathogens that were bound to the array. After this procedure, template of 
the array will be ready for the next measurement. The number of instigators on the 
template surface specific to the particular bio-warfare agent can be varied on the flight to 
enhance sensitivity and reliability of the measurements. 

y 

The following specific example is intended to illustrate the invention and should 
not be construed as limiting the scope of the claims: 

The two main elements of the invention are a template and an instigator 
(heterodimer). The template (Fig.l) contains molecules compliment to #1 end of the 
heterodimer (Fig. 2). 

The template (Fig.l) is formed on a substrate made from, e.g., glass, plastic, 
silicon or other material covered with spots (pixels or bio-array elements) of small 
chemically robust molecules (Fig.l, #1), e.g., single stranded DNA, PNA, polypeptides 
or any other molecules that have a complimentary binding pair (e.g., DNA-DNA pair or 
DNA-PNA pair, polypeptide -antibody, etc.). Between the spots, the surface is covered 
with molecules that prevent nonspecific protein adsorption. The template can be made 
using standard techniques such as inkjet printing, photolithography, droplet techniques or 
others. For example, any DNA array can be used as a prototype for the template. 

The instigator (Fig. 2) (heterodimer) consists of two molecules. As was 
discussed above, molecule #1 (Fig. 2) is a compliment to the molecule on the template 
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surface (#1 on template and #1 instigator), another molecule #2 (Fig. 2) sets up the bio- 
array element for the protein screening or for the screening small molecules - e.g., 
candidates for drug discovery. 

The instigator can be made using variety of the methods. #2 depends on 
proteomics application and can be, e.g., an antibody, Fab fragments, a protein, or a 
molecule candidate for a drug in high throughput drug screening. 

The two molecules can be immobilized on the beads, the two molecules can be 
linked through avidin or strepavidin interaction with biotin attached to the molecules, or 
through direct chemical binding, using PBA (phenyl boronic acid) and SHA 
(salicylhydroxamic acid). 

All documents cited in the above specification are herein incorporated by 
reference. Various modifications and variations of the present invention will be apparent 
to those skilled in the art without departing from the scope and spirit of the invention. 
Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly 
limited to such specific embodiments. Indeed, various modifications of the described 
modes for carrying out the invention, which are obvious to those skilled in the art, are 
intended to be within the scope of the following claims. 
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